The pathogenesis of hepatic granulomas in turkeys has been studied by reproducing the lesions experimentally with Streptococ cus faecalis var. liquefaciens isolated during a field outbreak of turkey hepatic granulomas in Colombia. The 170 turkey poults (Bronze) used were 4 weeks old. Groups of poults were inoculated intravenously or orally with 0
INTRODUCTION
Streptococcal infections in turkeys are considered a limiting factor in established turkey-producing countries as well as in countries where the poultry industry is developing. The primary losses are attributed to a high mortality rate in poults and a loss in reproductive capacity of adult turkeys when the granu lomatous processes localize in the reproductive organs. Also con tributing to the overall loss are carcass and visceral condemna tions. The significance of Streptococcus faecalis in the patho genesis of lesions in birds is still uncertain. As a result, studies were initiated to determine the pathogenesis of the granulomatous le3ions in turkeys ( Fig. 1) initiated by a strain of Strcptococcus faccaliu var. liqucfaciit s Isolated in pure culture from Infected turkeys In itfield outbreak in Colombia. This outbreak produced a mortality rate of 20%. With this strain, the disease has been reproduced experimentally in turkeys (Fig. 2) .
LITERATURE REVIEW
The literature is scant on streptococcal infections of turkeys. The major portion of the work reviewed herein Is directed toward the pathogenesis of the granulemas initiated by mycobacteria and fungi in the viscera of birds. 
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Granulomas from Streptococcus faccalls
Volkmar (22) . stated that most of the streptococcal diseases of turkeys are chronic and that the bacteria, when grown in vitro, rapidly loses its virulence. He also considered that rodents could be natural reservoirs of the disease. Oehme (18) and Magnuson, cited by Volkmar (16), mentioned that streptococcal diseases in poultry are produiced by heterogeneous nonpathogenic species of streptococci which become virulent when introduced into birds. Gross and Domermuth (9) reproduced valvular endocarditis in chickens and turkeys with Staphylococcus aurcus or Pastcurella rudtocidaisolated from naturally occurring cases and with strains of Str. faccalis isolated from the intestines of apparently normal chickens. They stated that the birds survived long enough to de velop necrotic foci with a heavy accumulation of heterophils sur rounded by macrophages followed by giant-cell formation. They found that 3 bacterial species produced the same lesion histologi cally and that the "environment" could be a more important factor in the development of the lesions than the bacterial species isolated. ~.4... *"-64>', .ĩ :
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MATERIALS AND METHODS
One hundred and seventy Bronze poults were hatched, main tained in brooder cages in isolation units, and fed Diet A ( Because the organism might possibly lose its virulence in cul ture media, it was maintained and the pathogenicity increased by making 6 subcutaneos serial passages in turkeys before each ex perimental inoculation in the initial and pathogenesis studies.
For the initial study, 30 roults were divided into 3 groups: Group 1, intravenous inoculation, 10 poults; Group 2, oral inocula tion, 10 poults; and Group 3, uninoculated controls, 10 poults. The 20 inoculated poults received 0.1 ml of a 24-hour culture of Str. faecalis var. liqu faciois standardized to 3X10 8 against the MacFarland Nephelometer Standard 10 (2). Groups of poults were killed at various intervals to determine the most appropriate ex perimental design.
For the pathogenesis study, 140 poults were divided into the following groups: Group 1, twenty poults killed immediately to eliminate the possibility of previous granulomatous processes; After inoculation the turkeys were examined daily. All poults were killed by separating the atlanto-occipital articulation. Samples for aerobic culture on blood agar were collected from the liver, bile, spleen, and granulomas. All granulomas were cultured anaerobical ly on blood agar in Brewer anaerobic cylinders. Three (3) poults from each of Groups 2, 3, 4, and 5 were killed.weekly for 10 weeks. Tissues for histopathology were collected from lungs, heart, proven triculus, ventriculus, duodenum, pancreas, ileum, liver, spleen, kidney, bursa of Fabricius, and brain, fixed in neutral buffered 10% formalin, and processed by the paraffin technique. Sections wvere cut at 4 1A and rout;nely stained with hematoxylin and eosin (H & E). Selected sections were stained with Brown-Brenn Gram stain for bacteria (13). 
RESULTS
InhItal study. To reproduce the disease, the initial study demon strated that it was necessary to increase the virulence of the organIsm by making six rapid serial passages in turkeys using a dose of 0.1 ml dilution of 3x10 9 . The first trial with the dose of 0.1 ml dilution of 3X10 8 gave insignificant results.
PATHOGENESIS STUDY
The 20 uninoculated poults (100o) killed were bacteriologi cally negative and were histopathologically negative for granulo matous processes. Str. faecalis var. liquefaciens was not isolated from any control animal.
Sir. faecaUi3 var. liquefaciens was recovered from the liver, spleen, and bile of 90% of the inoculated turkeys. Other than the Str. faecalis isolated, all aerobic cultures from granulomatous lesions were negative.
For clarity and brevity the periodic sampling periods are de scribed under the acute, subacute, and chronic phases, which re '_ . ,.
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• Death loss was greatest on the 6th day postinoculation. There after, losses were sporadic, with the surviving turkeys somewhat depressed.
Grosslesions. There was congestion of the subcutaneous tissues and serous membranes. The liver was enlarged and had a greenish discoloration. The pericardial sac was congested, and a fibrinous pericarditis was observed in 2 turkeys. The spleen was always en larged.
Microscopic lesions. The liver was congested, and the hepatic sinusoids were dilated with erythrocytes and heterophils. Bacterial colonies were also observed in areas of heterophil accumulations. Scattered throughout the parenchyma were necrotic foci with an associated acute inflammatory reaction (Fig. 3) and hyperplasaa of Kupffer cells. The bile canaliculi were thrombosed with fibrin and cellular debris, accompanied by an acute pericanalicular hy dropic change. The spleen was congested, and hyperplasia of the .reticuloendothelial cells was prominent.
The heart was congested and had hemorrhagic foci. In some caseu fibrinous exudate was observed on the superficial surface of the pericardium, and in other cases infarction produced by septic thrombi was found. The central nervous system had focal areas of conge:;tion and hemorrhage. In one case there was a large hemor rhagic infarction. In two cases there was a meningitis composed primarily of heterophils. The inflammatory reaction of the men inges had pe:etrated into the brain, producing a distinct perivas cular cuffing. Satellitosis and neuronophagia were observed along with the heterophilic meningoencephalitis. Congestion and focal hemorrhageswevre found in the lungs and kidneys. 
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,', - Gross leions. The liver was normal in size and color but had whitish foci of varied size throughout the liver (Fig. 4) . The largest focal lesion was approximately 1 cm in diameter.
Microscopic lesions. The primary lesion of the liver was hyper piasia of lymphocytes in the focal lymphatic nodules. Some nodules contained epithelioid cells, while in some a iaecrosis was beginning (Fig. 6) . The bile ducts in many areas were obstructed with fibrin and cellular debris adjacent to (Fig. 6) and in the larger obstruc tions. There was hyperpinsia of the biliary epithelium, with hydro pic degeneration of fhe hepatocytes (Figs. 7, 8) . Found also In the parenchyma were hydropic degeneration (Figs. 6, 9 ) and focal areas of coagulation necrosis with an Inflammatory filtrate corn. posed primarily of heterophils. Most of the necrotic masses were ringed by.zones of giant and epithelioid cells. In many of these lesions it was possible to distinguish the participation of the focal lymphatic nodules (Figs. 10, 11) . No fibrous capsule formation was observed.
The spleen of all inoculated turkeys had hyperplasia of the Hernandez D., Rloberts, Adanla, and Vera reticuloendothelial cells. In the heart and spleen there were granu. lomas similar to those described in the liver. Sections with granulo. mas were stained with Brown and Brenn stain, demonstrating the presence of a gram-positive coccus consistent with Str. faecalis (Fig. 12) .
Tab!e 2 presents the gross and microscopic lesions obtained from 140 turkeys. Incidence of granulomas differed markedly be tween the oral route and intravenous routes of inoculation. Granu lomas were found consistently wisen the oral route was used.
DISCUSSION
The acute focal necrotizing hepatitis and focal hyperplasia of Kupffer ce!ls in the intravenously inoculated turkeys appeared not to progress to a granulomatous reaction, whereas in the orally inoculated turkeys the granulomatous reaction was marked ( Table  2 ). This suggests that Str. faeca.lis needs some other factor or factors present in the intestinal tract in order to stimulate the production of hepatic granulomas. In all probability, the natural . ... o:. turkeys were made to maintain the pathogenicity. This possibly was one of the primary factors responsible for the success of granu. loma reproductiun in turkeys. We are in agreement with Domer. muth and with Oehme (18) and Magnusjon (16), who stated that the streptococcal diseases in birds are produced by various strepto. cocci after they become pathogenic within the bird. The manner in which this change in the streptococci-is produced is not a part of this study, but the necessity of an enterohepatic route is obvious.
Once the streptococci arrive at the liver, they are either phago cytosed by the Kupffer cells nr they gain entrance to the biliary circulation where the biliary thrombi are produced. The possibility also exists that an ascending infection by the streptococci occurs, producing later biliary thrombi.
In the work of Moore and Gross (17), the causative agent of hepatic granuloma was thought to be Catenabacterium.They could not reproduce the disease via the oral route,. which is felt to be .
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IIiUCUIaLiuII, %silul t:CUUt be ....piained as a necrotic hepatitis produced by an anaerobe which formed the initial lesion. The initial lesion in the acute phase of the granuloma is a focal necrotic area which may become: 1) focal necrosis of the hepatocytes produced by the action of toxins and/or bacterial enzymes; or 2) indirect focal hepatic necrosis produced by biliary thrombi or proliferative-degenerative process (4, 5, 6, 10, 11, 14, 15, 20) resulting from either biliary localization from the hepatic circula tion or ascending infection.
The focal necrotic areas in the liver are rapidly infiltrated by primarily heterophils (Fig. 1) , and at times the necrotic tissue is circumscribed by a zone of histocytes and giant cells around the areas of necrosis (8,9,21). In turkeys, this is probably a charac teristic reaction as giant cell formation is very rapid. In this study, giant cell formation was observed 4 days postinoculation. Focal areas of necrosis were immediately surrounded by multinucleated Langhans-type giant cells and lymphocytes. It is our opinion that the primary initial lesion was pioduced by the inoculated Str. faecaUi8 var. liquefaciens.
The proliferative and degenerative lesions of the bile ducts could be produced by a virulent organism eliminated by this route especially since Str. faecaUia was isolated from the bile in 90% of the inoculated turkeys. This is in agreement with the hypothesis of Popper (19), who cons~dered that the ductal epithelial reaction could be caused by tn antigenically abnormal bile and recognized as an irritant. Such could be the case in the present study.
The mechanism of bacterial entrance into the biliary circula tion has not been determined; the close proximity of blood ves sels and bile ducts may play an important part (Fig. 5) . The de generative and proliferative lesion of the bile duct as shown in Figs. 5 and 6 may terminate in necrosis, constituting the initial inflammatory lesion which initiates the granulomatous process. It is suggested in this study that there is direct participation by the bile ducts in the degenerative processes.
When Figs. 6, 6, 7, and 8 are examined it is appreciated that biliary obstruction is followed by hydropic degeneration of the surrounding hepatocytes (1, 14) and other types of hepatocellular degeneration such hyaline as degeneration (4,6,10,11), which liter necrose (4, 5, 11, 14, 20) . If we con.4,der the concept that bile can have a cytoxic action, caused by the primary protein de naturation of the hepatocytes and/or bile regurgitation, produc ing necrosis by the bile salts (5,6,10,14), we have a new factor to acid to the process of necrosis. Also, Benacerraf (1) mentioned that the action of bacterial endotoxins appeared to be toxic for Kuppfer cells, producing an acute inflammatory response. This response would then proceed to a granulomatous reaction, either by the action of the products of inflammation or an immunologic mech anism or possibly a combination of both.
It is understood that use of the word pathogenesis implies more areas of study than we have covered. With the present morphologic study several possibilities of a lesion mechanism have been presented which v arrant further detailed study of strep tococci in turkeys.
